A structural control system with smart sensors and actuators is considered and its basic dynamic equations are given. The controlled, stochastically excited, and dissipative Hamiltonian system with a noised observation is obtained by discretizing the nonlinear stochastic smart structure system. The estimated nonlinear stochastic system with control is obtained, in which the optimally estimated state is determined by the observation based on the extended Kalman filter. Then the dynamical programming equation for the estimated system is obtained based on the stochastic dynamical programming principle. From this, the optimal control law dependent on the estimated state is determined. The proposed optimal control strategy is applied to two nonlinear stochastic systems with controls and noised observations. The control efficacy for stochastic vibration response reductions of the systems is illustrated with numerical results. The proposed optimal control strategy is applicable to general nonlinear stochastic structural systems with smart sensors, smart actuators and noised observations.
INTRODUCTION
The vibration control for engineering structures subjected to strong random excitations or micro disturbances is a significant research subject. 1-3 Smart materials have been applied to the structural vibration suppression. For example, magnetorheological materials are used for actuators and piezoelectric materials are used for sensors. 4-20 A structure system with distributed smart sensors, actuators, and controller is called smart structure, which can sense structural response to external excitations and produce action to control structural response. [21] [22] [23] The dynamics and controls of structures with piezoelectric and magneto-rheological materials have been studied extensively. However, the control performance of the smart structure system depends strongly on the used control strategy. The smart structure system control includes two parts: state estimation based on sensing data and response control based on an estimated state, which are coupled with each other. 24-28 The stochastic system control with a noised observation is called a partially observable control. Only linear control strategies for partially observable smart structures have been proposed presently.
The smart structure, including multi-degree-of-freedom systems, rods, beams, plates, and shells in modal vibration can be modeled as a controlled, excited, and dissipative Hamiltonian system (or quasi-Hamiltonian system) with observation. 29 The stochastic optimal controls for linear and nonlinear systems have been studied and many control strategies have been presented. [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] However, the stochastic optimal control for a nonlinear system with a noised observation was only considered in several studies. 43 Under a specified condition, the separation theorem was applied to convert the nonlinear stochastic system with a noised observation into a completely observable linear system for determining optimal control, but the application is strongly limited. Thus, an approximate estimation and separation strategy is the alternative in practice. The extended Kalman filter is an optimum feasible approximate filter 24, 28 and can be applied to the nonlinear stochastic control system with a noised observation. Based on the extended Kalman filter, the nonlinear stochastic control system with a noised observation is converted into another completely observable nonlinear stochastic system, and then the optimal control law is determined according to the stochastic dynamical programming principle. However, the stochastic optimal control for the partially observable nonlinear stochastic smart structure system (or quasi-Hamiltonian system) has not been studied based on the extended Kalman filter.
In the present paper, the stochastic optimal control for the vibration response reduction of structural quasi-Hamiltonian systems with a noised observations is studied. A new optimal control law expressed by the estimated system state is obtained based on the extended Kalman filter and stochastic dynamical programming principle. Firstly, the differential equations for the structure system with smart sensors and actuators are given. The equations are simplified to ordinary differential equations of the controlled, stochastically-excited, and dissipa-
